Aims Courses for undergraduate medical students, particularly those with a problem-based learning curriculum, use small study groups as a key learning modality. Our aim was to design and validate an inventory to measure students' perceptions of the functioning of their study group. Methods The initial items were derived from focus group discussions with four domains subsequently generated by the authors from the data. Students in years one and two were invited to respond to each item without being aware of the domain names. Collated responses were scrutinised and allocation of items to each domain was considered by each author with duplicate or ambiguous items being discounted. The resulting inventory was used to evaluate the perceptions of students in the succeeding year. The items were triangulated alongside the student perceptions by eliciting the opinions of small group teachers and personal tutors. Results Forty-seven items were derived from four focus group discussions and an initial pilot. Subsequently 49.2% (n = 472) of year one and two students completed the first version of the inventory. After analysis of their responses, 24 items were allocated to four domains. When used with 32 study groups in the succeeding cohort of 274 first-year students, the inventory ranked them in order. The lowest scoring groups were also identified by tutors and teachers as problematic. Conclusion We have developed an inventory to evaluate students' learning experiences in small groups to meet a need for medical schools that wish to monitor this aspect of their courses. Furthermore, the results have the potential to enhance the function of small study groups.
Introduction
Medical schools, especially those with problem-based learning (PBL) and team-based learning (TBL) curricula, make extensive use of small groups as a learning modality in their courses. Students work together to address problems, questions or case studies, and in this context, group dynamics may play an important role in student perceptions of their learning experience and their subsequent academic performance [1, 2] . Whilst there are both merits and shortcomings of the various methods used to deliver a medical curriculum, it is recognised that certain skills and procedures are required within the group for learning to occur beyond the accumulation of knowledge by individuals [3, 4] .
It is widely reported in the literature that there is a significant relationship between group cohesiveness and performance, with a cohesive group outperforming a fractionated group [5] . This correlation does not relate just to education but is found through a wide demographic of society including sports teams, military units and groups working in a business environment. Indeed, there remains significant interest in the importance of team performance for overall function and productivity [6, 7] . One could hypothesise that the academic performance and learning experience of a student may be influenced by how their study group functions [8] .
The General Medical Council in the UK requires that medical schools provide curricula and an environment that are integrated, supportive and provide the student with the ability to meet the learning outcomes for graduation [9] . It is not just the UK that have such stipulations; the delivery of medical education to promote the graduation of a safe and competent doctor who can deliver effective and safe healthcare can be found worldwide [10, 11] . Medical schools must also have systems for quality management in undergraduate education, and this must be inclusive and reflect the students' learning experience [9] .
In addition, there is increasing interest towards the appropriate mentoring of talent, and there is growing recognition that the requirements of individuals deemed to 'have talent' or be 'gifted' are different to the general cohort [12] . With the stipulations to enter a medical course, one may expect that there will be a proportion of students who are deemed 'gifted'. As the pre-frontal cortex does not fully develop until the midtwenties, the time most medical students are undertaking their training, then there could be an argument that creating a stable learning environment and utilising tools to identify potential problematic situations early may be of benefit to the promotion and development of talented individuals [13] . This has obvious implications for the medical school and society as a whole.
Due to the nature of the various methods in which one can deliver a medical curriculum, there are different approaches utilised to optimise the function of a study group. There appears to be a predominance of studies in the literature confirming the effectiveness of team-based and problem-based learning in the allied health professions, but, currently, there are few tools that are widely-accepted and psychometrically-validated to evaluate learning within the context of problem-based learning medical curricula [14] [15] [16] [17] . Nevertheless, the importance of a cohesive team structure is widely demonstrated through the research base including the utilisation of problem-based learning to educate students, improve skills, such as those required for management and leadership, and create an effective medical doctor [18, 19] .
The Dundee Ready Educational Environment Measure (DREEM) is an instrument for analysing the educational climate and has been used in a variety of healthcare settings around the globe. A positive atmosphere and cohesive group have been found to improve students' perceptions of the curriculum and learning environment [19, 20] . This supports preexisting theories that a supportive environment promotes not only students' performance but also their satisfaction whilst also encouraging a humanistic orientation in the delivery of healthcare [20] . One of the recognised limitations of the DREEM is that it focuses predominantly upon course content and structure rather than the learner's perceptions of their study group [21] .
The increasing consumer expectations placed upon the delivery of effective medical education in an increasingly fiscally-limited environment demonstrate the fundamental importance of a supportive and effective learning environment. This study was designed to create an inventory that identified student perceptions of both positive and negative elements that may contribute to group functioning. The views of the students were elicited to create meaningful and reliable data that could be incorporated into design and implementation of medical school curricula to optimise group environment and function. The resulting inventory is to be used in a project that investigates the optimal method of allocating students to study groups to enhance performance and student satisfaction. In addition, it provides students with individualised feedback to promote reflection and self-awareness.
Methods

Development of Inventory
Focus Groups
First and second-year students at Leicester Medical School were invited to participate in focus groups in March 2010. These were conducted at the start of the second and fourth semesters, respectively, of the academic year. Each focus group lasted approximately one hour and was led by the two authors. The aim was to provide an opportunity for students to discuss, in a safe environment, the way in which their study group operated and reflect on reasons why it functioned in the manner that it did.
Students were asked to reflect on how their own study group functions and were allowed to explore themes as they arose. The study groups are used to deliver a teambased curricula and comprise approximately eight to ten students. Each group spends between two and four hours together each day depending upon the methods module staff use to deliver material and the split between formal lectures and group-based activities. Groups are largely static during the pre-clinical period but may change, for example, if students pursue an interest in an intercalated degree or repeat certain parts of the curricula. Clinical educators teach across the syllabus to four particular groups within each year cohort. Each group has a separate personal tutor for pastoral care.
During the focus groups, the clinical educators served to clarify ambiguous statements and to facilitate discussion where necessary. Students were prompted to consider the relationship between group function and academic success, make observations about group dynamics and define what they perceived to be the positive and negative influences on group function if these themes did not arise spontaneously. These areas were chosen to reflect the main aim of the project-to identify factors that may produce a poorly functioning group and provide material for both the tutor and the group members to address.
Transcription
Following the interviews, the content of the focus groups was transcribed verbatim and disseminated amongst the research team. Each member independently thematically analysed the transcripts to highlight recurring themes. A total of 47 items were created to produce an inventory.
Pilot of the Inventory
The inventory of 47 items was randomised without reference to the concept of domains and subsequently placed within the course website. In June 2010, all 501 first and second-year students were sent an email inviting them to complete the inventory. In this email, students were informed that collated, anonymised reports for their own study group would be made available to them. Furthermore, we highlighted that the reports may provide insight into the views of their peers about their group work environment and could be used for reflective study with their group tutor.
During completion of the pilot inventory, students were invited to make free-text comments on items that they felt were irrelevant or difficult to interpret. Reponses to the 47 items were measured on a modified six-point Likert scale to avoid central tendency bias: strongly agree, agree, tend to agree, tend to disagree, disagree, strongly disagree. A histogram was generated for each item from the responses provided.
Refinement of Inventory
Allocation of Items to Domains
In a parallel process to that described above, the research team individually scrutinised the list of items to determine whether they formed clusters of concepts that could be identified as over-arching domains. Four over-arching domains were identified:
1 Members' attitude to members. This domain concerns how students feel about the support shown by individuals to study group peers. 2 Group's attitude to members. This domain describes the collegiality within the group and how individuals are affected by group behaviours. 3 Members' interaction with work. This domain describes the motivation of individual members towards completion of work tasks. 4 Group's interaction with work. This domain contains items that describe engagement with the work tasks and processes that the group as a unit has adopted.
Each of the 47 items was allocated to one of the four domains independently by the research team. Any that were ambiguous were further discussed and an expert and professional judgement was employed to attribute the final domain.
Refinement of the items and the domains was undertaken using the collated responses from the first-and second-year students who undertook the pilot. In deciding to retain, reword or reject any item we considered the following factors:
1 Duplication of item with attention directed to the histograms and recurring patterns of response 2 Discrimination: items which produced a full range of responses were retained 3 Aspirational or inferential items were rejected 4 Items that students identified in free-text comments as ambiguous or of limited relevance were removed
The resulting inventory contained 24 items in four domains. Inventory items were phrased such that there were equal numbers of positively-and negatively-worded items, to reduce bias, and the inventory is shown in Fig. 1 . It was used in June 2011 to elicit the views of first-year students about the study group they had joined on entry to the MB ChB course in September 2010. Students completed the inventory on the course website at the end of semester two.
Validation of the Inventory
Learning in small groups at Leicester Medical School is facilitated by clinical educators who rotate between group rooms to deliver the curriculum. Thus, collectively, each tutor will encounter each group for an average of 100 h. Furthermore, personal tutors are assigned to each student and provide support and guidance to both work groups and individuals at defined points within the curricula.
To validate the inventory, clinical educators were asked whether they felt the groups they had taught were cohesive. The response could be 'yes', 'no' or 'unable to state an opinion'. The personal tutors were also asked to voluntarily participate and answer the following question; 'Does your tutor group, as a unit, hinder or help the learning of its members?' The options available were as follows: help, hinder, neither and do not know.
Results
Focus Groups
The four focus groups ranged in size from three to nine students. They comprised a diverse range of pre-clinical students; including both male and female students, individuals on the graduate entry course and those on the standard course, and students schooled in the UK, EU and internationally.
Transcription
In total, 46 themes were identified as being of importance during the focus groups. These themes were subsequently translated by the research team into an inventory of items. The preliminary inventory was piloted with 11 third-year students who were undertaking a clinical block that included working on problems in a small group. Feedback from these students on the inventory was used to refine the inventory. As a result, four items were rephrased and an additional item was included to produce 47 items in total.
Pilot of the Inventory
Following an email to all 501 first-and second-year students inviting them to complete the inventory, response rates for first-year undergraduate students, second-year undergraduate students and first-year graduate entry students were 46.9% (n = 211), 49.8% (n = 203) and 55.2% (n = 58) respectively.
As part of the free-text comments, participants commented that elements which contributed to a positive group dynamic included constructive competition, the ability to work flexibly as smaller sub-units and to subsequently re-congregate effectively, active inclusion of all members and emphasis on discussion of concepts rather than simply focussing on the correct answer. Figure 1 shows the final inventory following allocation of items to the relevant domains.
Refinement of Inventory
Allocation of Items to Domains
Delivery of the Inventory
At the start of the year in October 2010, 209 entrants were enrolled on the standard course and allocated to 24 study groups of eight or nine students. Sixty-four entrants on the graduate entry course were placed in eight study groups of Fig. 1 Twenty-four items listed by domain eight students. In July 2011, 266 students completed the inventory.
Members' aƫtudes to members
My group:
Group's aƫtudes to members
Responses to each of the Likert items were scored as + 3 for strongly agree, through to − 3 for strongly disagree. Correction was made for negatively-worded items. The scores for the component items were then averaged to produce an overall score for each domain on the same scale. The standard deviations for the scores were calculated for each domain. An overall score was calculated from the means for each domain. Table 1 shows the group scores ranked from low to high by overall mean score, calculated from the means of each domain. Although scores in one domain tended to predict those in another, there were different response patterns in most of the groups. The numerical scores produced a skewed normal distribution with the majority of groups scoring above zero (the boundary between tending to agree or disagree with the item) for each domain and overall. A footnote to the table explains the shading of the cells. The mean overall scores If the score for one group is equal to or more than one SD above or below the mean, it is presented in italics or bold: italics for below and bold for above for the eight graduate entry groups and for 24 undergraduate entry groups were 0.88 and 0.80 respectively. The difference was not statistically significant. Table 2 itemises the opinion of the 25 (78%) personal tutors who responded to the question on how the group influenced the learning of its members and who felt able to voice an opinion. Two did not respond to the survey and five answered 'did not know'. Three tutors thought that the group hindered the learning of its members; four thought the group neither hindered nor helped and 18 thought that the group helped the learning of its members. Notably, all three groups with personal tutors who felt that their group hindered their learning had inventory scores in the lower third of the range. However, so did three of the 18 groups with personal tutors who felt that their group helped their learning. There is a correlation between the inventory scores and the personal tutors' opinions about their group although this is not statistically significant (Fisher's Exact Probability Test using the Freeman-Halton extension: p = 0.08). Table 3 reports the views of the clinical educators compared with the scores measured by the inventory. There is a similar degree of correlation (Fisher's Exact Probability Test using the Freeman-Halton extension: p = 0.11).
Additionally, the inventory was used by the University of Aberdeen with 174 students who had worked in 20 study groups during a course in Community Medicine in February 2011. Two groups produced scores below the mean by more than one standard deviation. In a personal communication, the course leaders reported that these were the two groups identified by their tutors as having difficulties working together (personal communication, March 2011).
Discussion
The creation of an environment within problem-based learning that supports successful group discussion and learning has been discussed at great length within the literature [22, 23] . Aside from academic interest, delivering an effective learning medium holds significant importance within the profession, associated accrediting bodies and at a governmental level [9] [10] [11] . This project arose from discussion between study group tutors about experiences, both positive and negative, that students had reported after working in groups. The excellent response rate and the enthusiasm of individuals to participate in focus groups further support the strength of student interest.
Four central topics underpinned the domains that arose from the student discussions. These were groups that were supportive and promoted collegiality, motivation and engagement. These themes mirror theories already well documented in group and talent psychology. Trusting your fellow teammates is known to produce a functioning team. Working in a resilient team is also a positive predictor of success as is the use of discussion over conclusion and the creation of a motivational and supportive group ethos [22, 24, 25] . Furthermore, it is known that the satisfaction amongst group members is of a higher magnitude when the group is congenial, engaged and proficient [17] .
A positive outcome from the inventory is that the data yielded complemented the experienced opinions of both clinical educators and personal tutors in terms of identifying groups that were 'problems'. As such, the inventory could be used alongside expert opinion to quantify observational inferences from faculty staff.
This inventory has a number of potential applications. Firstly, students can use the results within their own study group to reflect on whether it is operating well and, if not, the potential reasons for dysfunction. This will help students to develop their team-working skills, a necessary aspect of their future roles as doctors. Secondly, the inventory captures useful information on the functioning of the group and provides an insight for group tutors to assist groups encountering problems. Finally, for faculty responsible for the course as a whole, the inventory can highlight whether additional support for group work is necessary for optimal engagement with the curriculum and to identify which groups should be specifically targeted. It can be used as a further tool to support experienced tutors and educators and potentially medical school administration in allocating students to groups that may function well, once further results are known.
We believe that the inventory has been developed using a robust technique and that it demonstrates face and content validity. However, it represents the views of students of a single medical school and may not be generalizable to other schools operating different curricula and pedagogical styles. Furthermore, the allocation of the 24 component items to four domains has been made by expert judgement. The inventory would benefit from further validation by using it with student study groups in other medical schools to provide evidence for construct validity.
In conclusion, the required standard of an undergraduate medical curriculum is higher than ever despite an evolving environment with temporal and fiscal pressures as well as higher student expectations. The utilisation of this inventory may provide a tool for experienced faculty staff to identify study groups with potential problems at an early stage. This would allow the provision of appropriate remedial advice and support to individuals and the group as a whole, to minimise an adverse impact on academic performance.
Summary
& Problem-based learning curricula make extensive use of small group work. & Medical schools are expected by regulatory bodies to have systems for quality management of students' learning experiences. & A standard inventory of study group functioning will provide data for faculty, students and tutors to improve the students' experience of working in a group.
Research Questions
& What is the ideal way of assessing study group function? & Does a well-functioning group lead to enhanced performance at medical school and beyond or is the acquisition of skills in managing conflict important? & Is there a way of building the 'perfect' study group?
